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A lor t - r a tu re  (100-120%) Clans r e a c t i o n  is sugges t ed  as 
t h e  b a s i s  o f  a r ecove ry  process to  abt8in a u l p h u r  from waste g a s e s ,  
c o n t a i n i n g  low c o n c e n t r a t i o n s  of rurphot biexide, emitted d u r i n g  
s u l p h i d e  o r e  sme l t ing .  The C8tdprt for tho r e a c t i o n  acts as an 
adso rben t  for t h e  s u l p h u r  produced. 

A h o t  reducing g a s  p a s s e d  through the l o a d e d  c a t a l y s t  s t r i p s  o f f  t h e  
su lphur  and a l s o  r e g e n e r a t e s  t h e  c a t a l y s t  f o r  f u r t h e r  r e a c t i o n  and 
adso rp t ion .  A f t e r  condensa t ion ,  tm t h i r d s  of t h e  s u l p h u r  is used  t o  
produce  hydrogen s u l p h i d e  f o r  t h e  C l a u s  r e a c t i o n  and t h e  remainder 
may b e  so ld  t o  d e f r a y  expenses .  S e v e r a l  methods for hydrogen s u l -  
p h i &  p roduc t ion  have  been examined anb t h e  r e a c t i o n s  between n a t u r a l  
gas  and producer  g a s  w i t h s l l p h u r  o r  s u l p h u r  d i o x i d e  a r e  d i scussed .  
T e s t s  of t h e  p r o c e s s  on si te a t  a smelter i n d i c a t e  t h a t  t h e  p r o c e s s  
would work s u c c e s s f u l l y  to d e s u l p h u r i z e  gases  c o n t a i n i n g  1-296 s u l p h u r  
d i o x i d e  by volume. Two major p r o c e s s  flow schemes are c o n s i d e r e d ,  
one s u i t a b l e  f o r  a s m a l t e r  where a s t r o n g  lO-lS% su lphur  d i o x i d e  
stream i s  a v a i l a b l e  for hydrogen s u l p h i d e  p r o d u c t i o n ,  t h e  other where 
no such stream exists. P r e l i m i n a r y  p r o c e s s  economics are d i s c u s s e d .  
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1. INTRODUCTION 

Sulphur  d i o x i d e  i s  now u n i v e r s a l l y  r e c o g n i i e d  a s  a harmful  a i r  
p o l l u t a n t .  The use  of t a l l  s t a c k s ,  and the e x i s t e n c e  of r easonab le  
weather p a t t e r n s ,  have g e n e r a l l y  minimized t h e  effect of so2 on peop le ,  
b u i l d i n g s ,  and p l a n t s .  Unusual geographic  and weather  c o n d i t i o n s  have 
lead to s e v e r a l  c a t a s t r o p h e s  a t t r i b u t a b l e  t o  SO2, e.g. h n o r a ,  Penn- 
s y l v a n i a  (1948) (1)  ; and London, England (1952).  

Two major sou rces  o f  SO2 p o l l u t i o n  are coal and r e s i d u a l  o i l  
f i r e d  thermal  electric g e n e r a t i n g  s t a t i o n s  and s u l p h i d e  ore sme l t ing  
ope ra t ions .  These s o u r c e s  account for  50% of the 15-20 m i l l i o n  t o n s  
of s u l p h u r ( 2 )  e m i t t e d  t o  t h e  atmosphere i n  North A m e r i c a  each  yea r .  
The c o n c e n t r a t i o n s  of SO? i n  the e f f l u e n t  g a s e s  f r o m  t h e s e  o p e r a t i o n s  
are 0.1-0.3% by volume SO2 from g e n e r a t i n g  p l a n t s  and 1.0-15.076 
from smelters. I n  O n t a r i o  150,000-200,000 t o n s  per y e a r  of s u l p h u r  
are emi t t ed  from g e n e r a t i n g  - s t a t i o n s ,  and 1.5-2 m i l l i o n s  tons /yea r  
from sme l t ing  o p e r a t i o n s .  

I n  l a t e  1966, t h e  Ontario Research Foundat ion  i n i t i a t ed  an 
i n v e s t i g a t i o n  i n t o  an  9 3 2  removal scheme, which would b e  a p p l i c a b l e  
t o  both  g e n e r a t i n g  p l a n t s  and s u l p h i d e  o r e  smelters. The process w a s  
aimed a t  bo th  a i r  p o l l u t i o n  abatement and r e s o u r c e  conse rva t ion .  I t  
was cons ide red  e s s e n t i a l  t o  recover s u l p h u r  i n  t h e  e l e m e n t a l  form, 
since t h i s  i n c u r s  minimum t r a n s p o r t a t i o n  costs per u n i t  weight  of 
su lphur .  O n t a r i o  is a l r e a d y  w e l l  s u p p l i e d  wi th  s u l p h u r i c  a c i d  manu- 
f a c t u r e d  f r o m  h i g h  s t r e n g t h  SO2 streams being  e m i t t e d  from t h e  Sudbury 
complex o f  n i cke f  smelters. Any f u r t h e r  s u l p h u r  r ecove red  i n  O n t a r i o  
would, t h e r e f o r e ,  have  t o  b e  t r a n s p o r t e d  away from t h e  p rov ince ,  t h u s  
t h e  minimum t r a n s p o r t a t i o n  c o s t  i s  e s s e n t i a l .  

The O.R.F. p r o c e ~ s ( ~ , ~ )  i s  based  on a l o w  t empera tu re  C laus  
r e a c t i o n ( 5 ) .  The SO2 i n  t h e  e f f l u e n t  i s  c a t a l y t i c a l l y  reduced  t o  
su lphur  wi th  H z S ;  a p o r t i o n  of the su lphur  i s  r e t a i n e d  as  p roduc t  and 
t h e  ba l ance  i s  c o n v e r t e d  t o  H 2 S  and r ecyc led .  Fig.  1 shows a s imple  
f l o w  s h e e t  for t h e  process. The c h e m i s t r y  of t h e  p r o c e s s  i s  summariied 
i n  t h e  r e a c t i o n s  g iven  b e l o w :  

i) Reduction and Adsorp t ion  

100-150 OC 
SO? + 2H?S .-) 3s adsorbed  + 2H20 

c a t a l y s t  

ii) C a t a l y s t  Reqenerat ion 

h o t  reducing  g a s  
3s adsorbed  -) 3s g a s  

. 350 - 450°C 
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iii Sulphur  Condensat ion and S p l i t t i n s  

to  H 7 S  Genera to r  
35 g a s  --> 2s l i q u i d  + S l i q u i d  

1 product  

i v )  H z S  P r o d u c t i o n  

c a t a l y s t  
2s l i q u i d  + 2H2 ___I) 2 H 2 S  

600-800- 
c a t a l y s t  

o r  25 l i q u i d  + 2CO + 2H7O .-> 2H2S + XO, 
600-800 .C 

c a t a l y s t  
o r  2s l i q u i d  + W H 4  + H 2 0  ,-> 2 H 2 S  + q c O 2  

600-800 'C 

2. CATALYST SELECTION 

The p r o p e r t i e s  r e q u i r e d  f o r  a s u c c e s s f u l  c a t a l y s t / a d s o r b e n t  . 
i n  t h i s  p r o c e s s  are:- 

i) High c a t a l y t i c  e f f i c i e n c y  f o r  the  H z S / S O p  r e a c t i o n  i n  t h e  
p r e s e n c e  of b o t h  oxygen and water. 

i i )  High a d s o r p t i v e  c a p a c i t y  f o r  su lphur .  

i i i )  Long a c t i v e  c a t a l y t i c  life. . 
i v )  High mechanical  s t r e n g t h ,  l o w  a t t r i t i o n  loss p o t e n t i a l .  

v) Low cost, 

T e s t s  i n  the l a b o r a t o r y  w e r e  c a r r i e d  o u t  u s i n g  a 1% So;, and 2% 
H 2 S  stream p a s s i n g  o v e r  10 grams of s c a e  30 d i f f e r e n t  c a t a l y s t s  w i t h  a 
g a s  c o n t a c t  time of 0.3 seconds.  The r e s u l t s  showed t h a t  t h e  t h r e e  
fo l lowing  c a t a l y s t s  exhibited t h e  best p o t e n t i a l  for f u l f i l l i n g  t h e  
first t w o  r e q u i r e d  p r o p e r t i e s .  A c t i v a t e d  aluminas (Kaiser Chemicals 
KA-201 and Alcoa F-1) a n d  a treated B a w i t e  (Engelhard P o r o c e l  SRC). 
A l l  t h r e e  c a t a l y z e d  t h e  r e a c t i o n  of H 2 S  with S o 2  p r e f e r e n t i a l l y  t o  t h e  
r e a c t i o n  between H,S and oxygen a t  l o w  t e m p e r a t u r e s  ((1fO'C). A t  
h i g h e r  tempera tures  t h e  o x i Q t i o n  of H 2 S  t o  w a t e r  and SO7 was favored  
as would be expected.  

Subsequent tests showed that K a i s e r  KA-201 a c t i v a t e d  alumina 
was t h e  best c a t a l y s t  fo r  su lphur  l o a d i n g ,  mechanical  s t r e n g t h ,  and 
maintenance of c a t a l y t i c  a c t i v i t y ,  o v e r  s e v e r a l  l o a d i n g  and regener -  
a t i n g  c y c l e s .  
r e a c t i o n  a t  i n c r e a s i n g  s u l p h u r  l o a d i n g s  are shown i n  Fig.  2. 

The e f f i c i e n c i e s  of t h e  three c a t a l y s t s  f o r  the H z S - S O z  
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Analyses of  t h e  g a s  streams i n  t h e  l a b o r a t o r y  tests w e r e  made 
u s i n g  a Perlt in E l m e r  154L g a s  chromatograph w i t h  a po lypropy lene  g l y c o l  
on chromosorb LJ column. T h i s  i n s t rumen t  w a s  a l s o  used  i n  t h e  subsequent  
f i e l d  tests e 

3. FIELD TESTS 

Having shown t h e  f e a s i b i l i t y  of t h e  r e d u c t i o n  step i n  t h e  l abora -  
t o r y ,  and having  de f ined  t h e  optimum range  of o p e r a t i n g  conditions, it 
w a s  dec ided  t h a t  some f i e l d  tests shou ld  b e  carried ou t .  

Two series o f  tests w e r e  a r r anged ,  one  a t  an  O n t a r i o  Hydro 
Genera t ing  S t a t i o n ,  t h e  o t h e r  a t  a n icke l /copper  smelter i n  O n t a r i o  

3.1 T e s t s  a t  t h e  Genera t ing  S t a t i o n  

A small reactor c o n t a i n i n g  K A - 2 0 1  c a t a l y s t  was set u p  and gas 
p u l l e d  through it by a pump a t  a c o n t r o l l e d  rate from a d u c t  downstream 
of t h e  electrostatic p r e c i p i t a t o r s  u s e d  i n  t h i s  s t a t i o n .  The compo- 
s i t i o n  of t h i s  g a s  stream w a s :  

so2 1400-1500 ppm 
N D x  150-300 ppm 
p2 3% 
H2 0 10% 
co2 12-13% 
N2 Balance 

, H p S  from a g a s  c y l i n d e r  w a s  b l e d  i n t o  t h e  g a s  stream upstream of t h e  
r e a c t o r  t o  g i v e  a c o n c e n t r a t i o n  of 2800-3000 ppm. 

The r e s u l t s  o f  t h e s e  tests w e r e  ex t remely  poor. Very l o w  
e f f i c i e n c y  f o r  S o p  removal w a s  found and  ve ry  l o w  s u l p h u r  l o a d i n g s  
obta ined .  S e v e r a l  d i f f e r e n t  c a t a l y s t s  w e r e  t r ied,  b u t  w i t h  n o  i m -  
provement of r e s u l t s .  

I 

\ 

1 

\ 

A t e n t a t i v e  e x p l a n a t i o n  fo r  t h i s  f a i l u r e  is o f f e r e d .  I t  is  
sugges ted  t h a t  t h e  NOx i n  t h e  g a s  stream c a u s e s  p o i s o n i n g  of t h e  
c a t a l y s t  by oxidizLngSO? t o  SO3 on t h e  c a t a l y s t  s u r f a c e  i n  t h e  p r e s e n c e  
of mois ture .  

c a t a l y s t  

100-150 'C 
so? + NO? + H?O ___3 H7S04 

2No + 0 2  - 2No2 

I t  is s p e c u l a t e d  t h a t  t h e  H2S04 o n  the s u r f a c e  

I 

+ N o  

n h i b i t s  t h e  
r e a c t i o n  between H?S and SO?. The e x t e n t  of t h e  i n h i b i t i o n  w a s  so 
g r e a t  t h a t  f u r t h e r  work on t h e  a p p l i c a t i o n  of t h e  p r o c e s s  t o  g e n e r a t i n g  
s t a t i o n s  was t e rmina ted .  The i d e n t i f i c a t i o n  of N4( as t h e  c a u s e  of 
r e a c t i o n  i n h i b i t i o n  was made by c a r r y i n g  o u t  tests i n  t h e  l a b o r a t o r y  
wi th  and wi thout  100 ppm t o  Nq( i n  t h e  g a s  stream. R e s u l t s  of t h e s e  
l a b o r a t o r y  tests w e r e  s i m i l a r  t o  t h o s e  ob ta ined  d u r i n g  t h e  f ie ld  tests. 



3.2 T e s t s  a t  t h e  !Smelt= 

With t h e  h i g h e r  s u l p h u r  d i x o i d e  c o n c e n t r a t i o n s  (>1.0%) expec ted  
i n  t h e  smelter g a s e s  and  much lower NOx c o n c e n t r a t i o n s ,  it was though t  
t h a t  t h e  po i son ing  p r o c e s s  would b e  less l i k e l y  t o  inhibi t  t h e  HzS-SO? 
r e a c t i o n .  

The composi t ion  of t h e  g a s  streams t e s t e d  a t  the smelter were 
a s  fo l lows : -  

From t h e  C o n v e r t e r s  From t h e  bas te rs  

0.2 - 2.2% 
mainly 0.8-1.1% 
mean 0.9% 

0.9 - 1.4% 

1.2% 
- 

NO2 C 2 0  pprn <20 ppm 

.L, 150 ppm SO3 =150 ppm 

17% 

2% 

Nitrogen Balance Ea1 ance  

A 50 gram c a t a l y s t  bed of Kaiser KA-201 w a s  used  t o  t e s t  the 
e f f e c t i v e n e s s  of r e d u c t i o n  and s u l p h u r  adso rp t ion .  Ihe r e s u l t s  
ag reed  w e l l  w i t h  t h o s e  found  i n  t h e  l a b o r a t o r y  w i t h  s imula t ed  g a s  m i x -  
t u r e s .  The c a t a l y s t  w a s  r e g e n e r a t e d  u s i n g  a reducing  g a s  m i x t u r e  of 
hydrogen and n i t r o g e n .  The c a t a l y t i c  a c t i v i t y  w a s  comple t e ly  r e s t o r e d ,  
and t h e  c a t a l y s t  w a s  reloaded. 
r e p e a t e d  10 t imes  w i t h  no  a p p a r e n t  l o s s  i n  c a t a l y t i c  a c t i v i t y .  

This a d s o r p t i o n - r e g e n e r a t i o n  c y c l e  w a s  

A problem encoun te red  working wi th  t h e  smelter stream w a s  t h e  
extreme v a r i a b i l i t y  i n  5 0 ,  c o n c e n t r a t i o n .  I n  order to  e n s u r e  t h a t  H7S 
is n o t  r e l e a s e d  i n t o  t h e  atmosphere it w i l l  p robab ly  be necessa ry  t o  
run  t h e  p r o c e s s  wi th  a d e f i c i e n c y  of H7S. One set of load ing- regene ra t ion  
r u n s  was c a r r i e d  o u t  u s ing  approximate ly  60% of t h e  t h e o r e t i c a l  H 2 S  
r equ i r ed .  No d rop  i n  e f f i c i e n c y  w a s  observed .  I t  shou ld ,  t h e r e f o r e ,  
be q u i t e  p o s s i b l e  t o  run  t h e  p r o c e s s  wi th  90 or 95% of the t h e o r e t i c a l  
H 2 C  requirement.  F i g .  3 shows t h e  v a r i a t i o n  of the S o 2  c o n c e n t r a t i o n  
wi th  t i m e  i n  t h e  gas stream f r o m  t h e  c o n v e r t e r s .  H 2 S  i n j e c t i o n  i n t o  
t h e  g a s  s t ream i n  t h e  plant would have to b e  c o n t r o l l e d  by an  SO2 d e t e c t o r  
upstream of t he  c a t a l y t i c  reactor. 

4. PROWCl?ION O F L S  

A 1 1  t h e  l a b o r a t o r y ' a n d  f i e l d  tests of t h e  r e d u c t i o n  step used  
p u r e  H 7 S  from a g a s  c y l i n d e r .  
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H 2 S  c o u l d  b e  produced i n  many ways for t h i s  p rocess .  A number 
of p l a u s i b l e  r e a c t i o n s  w e r e  examined expe r imen ta l ly  i n  t h e  l abora to ry .  

P roduc t ion  of H2S i n  t h e  C a t a l y s t  Regenera t ion  S t e E  4.1 

Th i s  method of H2S p roduc t ion  does no t  fit i n t o  t h e  g e n e r a l  f low 
s h e e t  shown i n  F ig .  1. I t  isshown d i a g r a m a t i c s l l y  i n  F ig .  4. A h o t  
g a s  s t ream c o n t a i n i n g  CO, H2 and steam, such  as might b e  produced from 
t h e  p a r t i a l  o x i d a t i o n  of n a t u r a l  g a s ,  is passed  through t h e  su lphur  
l aden  c a t a l y s t  bed ,  h e a t i n g  t h e  c a t a l y s t  t o  abou t  400eC. P a r t  o f  t h e  
su lphur  i s  conve r t ed  t o  HIS and COS. The stream i s  t hen  p a s s e d  o v e r  a 
second c a t a l y s t  bed of Harshaw Fe-0301 s u l p h i d e d  i r o n  on alumina c a t a l y s t ,  
a t  350°C. The remaining su lphur ,  CO, H2 and steam react together t o  
g i v e  hydrogen s u l p h i d e  and traces of ca rbony l  su lph ide .  T l e q u a n t i t i e s  
o f  reducing  g a s e s  used  t o  r e g e n e r a t e  t h e  c a t a l y s t  would be  s u f f i c i e n t  
t o  reduce  on ly  t w o - t h i r d s  of t h e  su lphur  on t h e  c a t a l y s t .  Thus, one- 
t h i r d  o f  t h e  su lphur  i s  s t r i p p e d  f r o m  t h e  c a t a l y s t  un reac ted .  
condensed t o  g i v e  a marke tab le  l i q u i d  o r  s o l i d  su lphur  p roduc t .  

This is 
~ 

4.2 Produc t ion  of H 2 5  by Direct Reac t ion  of SulDhur wi th  Methane 

4 s  + CH4 + 2H20 -> 4H2S + COz 

T e s t s  w e r e  made u s i n g  s e v e r a l  c a t a l y s t s .  Kaiser KA-201 and 
Harshaw H - 1 5 1  a c t i v a t e d  aluminas gave  t h e  best convers ion .  F ig .  5 shows 
t h e  r e l a t i o n s h i p  between t empera tu re  and c o n t a c t  t ime  fo r  complete 
r e a c t i o n  o f  methane and su lphur .  A l s o  shown is the effect of a 10% 
excess of su lphur  on t h e  r e q u i r e d  c o n t a c t  t i m e .  A s  can  b e  seen ,  a 
s u b s t a n t i a l  r e d u c t i o n  i n  t empera tu re ,  for complete  r e a c t i o n  o f  methane 
is achieved  by u s i n g  a greater than  s t o i c h i o m e t r i c  q u a n t i t y  of su lphur .  
I t  may b e  more economical to  o p e r a t e  the H 2 S  produc t ion  u n i t  i n  t h i s  
manner, c o n s t a n t l y  r e c y c l i n g  t h e  s m a l l  excess of su lphur .  

4.3 Product ion  of H 2 S  by Reac t ion  of SO2 w i t h  Methane 

H S may b e  s y n t h e s i z e d  by t h e  direct r e d u c t i o n  o f  SO2 w i t h  
methanef6) i.e. 

4so2 + 3CH4 ____) 3cO2 + 4HzS + 2 H 2 0  

Th i s  r e a c t i o n  r e q u i r e s  a s u i t a b l e  c a t a l y s t  t o  occur  a t  r ea sonab le  
tempera tures ,  i.e. about  7OO0C, 

Our i n v e s t i g a t i o n s  showed t h a t  n i c k e l  s u l p h i d e  suppor ted  on 
Harshaw H.151 Alumina was a s u i t a b l e  c a t a l y s t  f o r  t h i s  r e a c t i o n .  Com- 
p l e t e  r e a c t i o n  of methane w a s  ach ieved  a t  720°C wi th  a methane t o  SO:, 
r a t io  of 0.75 and a g a s  c o n t a c t  t i m e  o f  0.56 sec. 

The Texas Gulf Sulphur  Co. have a p a t e n t ( ?  on t h e  r e a c t i o n  o f  
su lphur  d i o x i d e  wi th  methane. This examines t h e  r e a c t i o n  w i t h  a methane 
t o  SO? r a t i o  of 0.5. 

i.e. CH4 + 2502 -, C02  + 2s + 2H20 



- 82 - 

T h i s  r e a c t i o n  was found t o  be on ly  60-7096 complete  a t  800°C over  an 
alumina c a t a l y s t .  

The reason f o r  examining the p o s s i b i l i t y  of producing  H2S d i r e c t l y  
from SO2 i s  because same of t h e  waste streams i n  t h e  smelter c o n t a i n  
10-15% SO? with ve ry  l i t t l e  oxygen. If t h i s  stream can  be d i r e c t l y  
reduced by methane, s a v i n g s  a r e  r e a l i i e d  on two counts .  

1) The r e a c t i o n :  

3cHq + 4=? ____) 4 H:, S + x o 7  + 2H20 

i s  exothermic ( - L H ' ~ ~ " ~  = -15,500 B.T.U./16 m o l e  H 7 S  produced)  

w h i l e  t h e  r e a c t i o n :  

X H 4  + 45 + 2HpO ___1$ 4H2S + 3c02 

is endothermic = +31,000 B.T.U./16 mole H z S  produced)  

Thus,  t h e  a d d i t i o n a l  heat produced i n  t h e  C H 4  - SO2 r e a c t i o n  may be 
u t i l i z e d  t o  r a i s e  t h e  t empera tu re  of c a t a l y s t  and g a s e s  towards t h e  
necessa ry  r e a c t i o n  t empera tu re  of 700°C. For t h e  C H 4 - S  r e a c t i o n ,  
a d d i t i o n a l  methane would have  to be combusted t o  p r o v i d e  t h i s  h e a t .  

While i t  appea r s  from t h e  e q u a t i o n s  t h a t  t h e  CHq-S r e a c t i o n  
r e q u i r e s  o n e - t h i r d  a s  much methane t o  produce t h e  same amount o f  H z S ,  
i t  must be  remembered t h a t  t w o - t h i r d s  of t h e  con ta ined  su lphur  i s  re- 
cyc led .  Hence t h e  amount o f  methane p e r  u n i t  of p r o d u c t  su lphur  is 
t h e  same f o r  b o t h  r e a c t i o n s .  

2) Use of t h e  CH4-SOa reaction t o  produce  H 2 S  decreases t h e  h e a t  
requi rement  pe r  u n i t  ai su lphur  p r o d u c t ,  f o r  h e a t i n g  t h e  c a t a l y s t  
and  s t r i p p i n g  the su lphur  i n  t h e  r e g e n e r a t i o n  s t e p ,  s i n c e  a l l  of t h i s  
su lphur  i s  product  su lphur .  Also, t h e  amount of c a t a l y s t  r e c y c l e d  
per u n i t  of su lphur  p r o d u c t  i s  reduced  t o  o n e - t h i r d ,  t h u s  d e c r e a s i n g  
c a t a l y s t  l o s s  due t o  a t t r i t i o n  and d e a c t i v a t i o n .  

4 . 4  Product ion  o f  H2S by  Reac t ion  o f  Methane wi th  a Mixture 
of Su lphur  and SO2 

I n  a p r a c t i c a l  s i t u a t i o n  p a r t  of t h e  r e q u i r e d  H 2 S  may be p ro -  
duced by  d i r e c t  r e d u c t i o n  of SO?, b u t  it may be necessa ry  t o  supple-  
ment t h i s  by H2S from su lphur .  An experiment  was run u s i n g  a mix tu re  
of SO2 and su lphur  (SO:,, 44% of t o t a l  su lphur )  ave r  Kaiser KA-201 
c a t a l y s t .  Fig. 6 shows t h a t  h i g h e r  t empera tu res  w e r e  r e q u i r e d  far  
t h i s  mixed r eac t ion .  No e x p l a n a t i o n  of t h e  i n h i b i t i o n  phenomena which 
must e x i s t  i s  o f f e r e d  a t  t h i s  t h e .  The r e s u l t s  s u g g e s t  t h a t  i t  would 
be p r e f e r a b l e  to run t h e  t w o  r e a c t i o n s  s e p a r a t e l y .  
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5. PROCESS FLOW SHEETS AND PRELIMINARY E C O N O _ S  

The flow sheets shown i n  Figs. 7 and 8 a r e  based  on t h e  concen- 
t r a t i o n s ,  f low r a t e s ,  and gas t empera tu res  of streams f r o m  an  O n t a r i o  
smelter. 

The waste gas f lows  from t h i s  smelter a r e  a s  fo l lows :  

Conver t e r s  - 1,770,000 a.c.f.m. a t  256°F t o t a l  g a s  f low 
1.12% s o 2  
36.4 t ons /hour  su lphur  

F l u i d  bed r o a s t e r s  - 190,000 a.c.f.m. a t  256°F t o t a l  g a s  f l o w  
1 3 6  so2 
45.6 t o n s h o u r  su lphur  

Tota l  annual su lphur  p roduc t ion  700,000 t o n s  

Flowsheet "A" c o n s i d e r s  combining t h e s e  t w o  streams and t r e a t i n g  
them both i n  t h e  r e a c t o r .  H 2 S  i s  t h e n  manufactured from two- th i rds  of 
t h e  su lphur  condensed from t h e  r e g e n e r a t o r .  

Flowsheet "€3" c o n s i d e r s  u s ing  t h e  1s SO2 stream f r o m  t h e  f l u i d  
bed r o a s t e r s  to  produce H 2 S  by direct r educ t ion  w i t h  n a t u r a l  g a s ;  s a v i n g s  
i n  h e a t  requi rement ,  c a t a l y s t  c i r c u l a t i o n ,  and r e a c t o r  s i z e  are r e a l i z e d .  

De ta i l ed  c a p i t a l  cost e s t i m a t i o n  i s  d i f f i c u l t  a t  t h i s  s t a g e ,  
b e f o r e  a comprehensive p i l o t  p l a n t  s tudy  has heen completed.  

A b r i e f  d i s c u s s i o n  of each of the major p l a n t  items i s  g i v e n  
below: 

i )  The Reactor 

I t  i s  envisaged  t h a t  a f l u i d i p e d  bed r e a c t o r  w i l l  b e  used. 
Because of t h e  huge volumes o f  g a s  t o  b e  handled ,  a series o f  f l u i d  
bed r e a c t o r s  w i l l  be  used  i n  p a r a l l e l .  For t h e  combined s t r eam us ing  
a f low v e l o c i t y  of 3 f t /sec. ,  a t o t a l  reactor a r e a  of 12,500 f t 2  is 
needed; t h i s  would b e  e q u i v a l e n t  to  6 or 7 50' d i ame te r  reactors. 
The minimum bed depth  r e q u i r e d  a t  t h i s  f l ow rate would b e  1.2 feet ,  
based  on exper imenta l  d a t a  f o r  100% H ? S  removal a t  a 60 grams su lphur  
p e r  100 grams c a t a l y s t  loading .  This would i n v o l v e  a p r e s s u r e  drop 
of 1 0 - i 2  i nches  of water a c r o s s  t h e  bed. 

Water sp rays  would be inco rpora t ed  i n t o  t h e  bed for  t empera tu re  
c o n t r o l .  The H2S/SO2 r e a c t i o n  i s  exothermic ,  and i f  t h e  t empera tu re  
i s  allowed t o  r ise t o o  far ,  o x i d i z a t i o n  of HzS b y  a i r  beg ins .  

Cyclone s e p a r a t o r s  would b e  used  t o  remove f i n e s  e n t r a i n e d  
i n  t h e  e x i t  gas. 
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ii) The Regenerator  

Much s m a l l e r  volumes o f  g a s  a r e  involved i n  t h e  r e g e n e r a t i o n  
s t e p .  E i t h e r  f l u i d i ~ e d  o r  f i x e d  bed o p e r a t i o n  could  be c o n s i d e r e d  
f o r  t h i s  o p e r a t i o n .  I t  i s  p r o b a b l e  t h a t  a f l u i d i z e d  bed w i l l  be pre- 
f e r r e d  f o r  tempera ture  c o n t r o l ,  and a lower  p r e s s u r e  drop  a c r o s s  t h e  
bed. 

iii) The H?S F r o d u c e r  

Again,  a f l u i d i r e d  bed comparable i n  s i z e  to  t h e  r e g e n e r a t o r  
w i l l  b e  used. A f a i r l y  deep bed w i l l  be r e q u i r e d  to a c h i e v e  t h e  con- 
tact  t i m e  needed f o r  complete r e a c t i o n .  T h i s  v e s s e l  wai.11 r e q u i r e  
ceramic l i n i n g  t o  w i t h s t a n d  t h e  h igh  t e m p e r a t u r e s  and c o r r o s i v e  con- 
d i t i o n s  encountered i n  t h i s  s t e p .  

5.1 Costs 

The c a p i t a l  c o s t s  for t h e  700,000 t o n s  o f  s u l p h u r  p e r  y e a r  
a p p l i c a t i o n  d i s c u s s e d  above, h a s  been e s t i m a t e d  from t h e  d a t a  p r e s e n t l y  
a v a i l a b l e  t o  be of t h e  o r d e r  of $25,000,000 - $30,000,000. Our b e s t  
e s t i m a t e  of costs p e r  t o n  of s u l p h u r  produced i s  g iven  i n  Fig. 9; 
p r o c e s s e s  based on b o t h  Flow Sheet  A and Flow Sheet  B a r e  cons idered .  
Scheme B shows markedly b e t t e r  economics t h a n  scheme A. 

Another w a y  of r educ ing  c o s t s  would be an upgrading of  t h e  g a s  
stream from l96 SO;? t o  4 or 5% SO?, t h u s  reducing  t h e  volume of gas  
and c u t t i n g  down t h e  sipe o f  r e a c t o r  r e q u i r e d  t o  a q u a r t e r  or a f i f t h  
of what i s  needed now. T h i s  upgrading c o u l d  p robab ly  be achieved by 
better hooding and c o n t r o l  of d i l u t i o n  a i r .  

The costs of $20 - $28 p e r  ton  of s u l p h u r  produced looked most 
encouraging,when t h i s  work was s t a r t e d ,  s i n c e  t h e  p r i c e  of  su lphur  
a t  t h a t  t ime w a s  $30 - $4O/ton. The p r e s e n t  $8 - $10 p e r  t o n  for 
s u l p h u r  makes the p r o c e s s  economics much less a t t r a c t i v e ,  b u t  i t  com- 
p a r e s  v e r y  favourably  w i t h  o t h e r  propo ed p r o c e s s e s  f o r  t r e a t i n g  
d i l u t e  S O 2  streams. 

6 .  MAJOR COKLUSIONS AM3 THE STATUS OF THE PROCESS 

6.1 Conclusions 

Small s c a l e  f i e l d  and l a b o r a t o r y  tes ts  have shown t h a t :  

a )  S o p  from an a c t u a l  smelter g a s  containing-196 SO2 by volume 
c a n  b e  reduced t o  s u l p h u r  and adsorbed on a c a t a l y s t  bed a t  
100 - 150'F, b y  adding H 2 S  t o  t h e  g a s  stream. 

b)  The s u l p h u r  c a n  be removed from t h e  c a t a l y s t  and condensed 
t o  g ive  a l i q u i d  o r  s o l i d  s u l p h u r  product .  
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c )  The c a t a l y s t  c a n  b e  comple te ly  r egene ra t ed  f o r  r e u s e  i n  t h e  
r educ t ion -adso rp t ion  step a t  35O-45O0C. 

d )  Hydrogen s u l p h i d e  for  t h e  r e d u c t i o n  s t e p ,  can  h e  p r o d u c e d ,  
by t h e  c a t a l y t i c  r e a c t i o n  of methane w i t h  s u l p h u r  or wi th  
a f a i r l y  c o n c e n t r a t e d  (710% by volume) SO:, stream a t  650- 
800 "C 

e) The in fo rma t ion  a v a i l a b l e  from t h e  sma l l  s c a l e  tests i s  suf -  
f i c i e n t  to begin  t h e  des ign  and b u i l d i n g  o f  a p i l o t  p l a n t .  

The a u t h o r s  g r a t e f u l l y  acknowledge t h a t  t h e  work d e s c r i b e d  
above w a s  suppor ted  i n  p a r t  by Canadian I n d u s t r i e s  Ltd. 
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FIG. 9 ESTIMATED P R O C E S S  COSTS 
I__. 

BASIS COSTS PER TON OF SULPHUR PRODUCED ( N O  CREDIT FOR SULPHUR 
SALES * I  

PRODUCTION RATE 8 2 t o n s  SULPHUR /hour * 
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Maintenance 4.5% 
Interest 8 O/o 

Taxes + Insurance 2.5 O h  1 
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